The annual salmonoid fish, Koayu was reared in outdoor hatchery ponds exposed to short (8 hours), long (16 hours), and natural photoperiods (control) . These, as well as Otunen-Ayu that survived spawning and was collected in the streams of the suburbs of Nii gata City, were examined histologically to elucidate the involution and regression of the thymus. Age involution of this organ commences with gonad maturation . A remarkable decrease in the number of lymphocytes and their mitotic divisions occurs , and at the same time an increase in the amount of reticular and collagenous fibers around the vessels and develop ment of cystic spaces take place. The connective tissues and spaces disappear toward the end of involution. These regressive changes, including the disappearance of the thymus , occurred one month earlier in the short-photoperiod group than in the control group , but under the long photoperiod one to two months later than in the controls . The thymus was absent in all the Otunen-Ayu examined.
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A marked involution and loss of hemopoiesis in the thymus and spleen of the icegoby before and after spawning have been reported by us, using wild-caught fish1).
Nearly identical results has previously been obtained in a series of experiments on various species of migrating Pacific salmon2, 3) . Recent studies on the lymphomyeloid organs of higher vertebrates have been directed to explain their role in lymphopoiesis and immune-body formation during early life , but the function of the thymus in lower vertebrates remains obscure both in the fields of cellular and transplantation immunity.
For example, CUSHING4) has tried to review the immunology of fish and has shown that contributions from thymology are very scarce.
Involution of the thymus in relation to sexual maturity and increasing age has been described in a characid fish, Astyanax5), and a clariid catfish, Clarias6 Control and short photoperiodic regimen The thymus was almost absent in both groups.
Long photoperiodic regimen The number of deaths rose rapidly and the thymus bad almost disappeared (Fig. 13 ).
Six months after the start of the experiment (January 22 , 1967) In every one of the surviving fish, it was very difficult to recognize the presence of the thymus . In one fish of short photoperiodic regimen, however, a tumorous growth was seen in the thymic region.
Otunen-Ayu The thymus of the Otunen-Ayu , i. e., fish that had survived for a con siderable length of time beyond the spawning season under natural or wild conditions, was examined. The specimens were collected from January to March in a tributary of the River Agano. A remarkable diminution and regression of the thymus of each specimen were seen without exception, and only a small amount of debris from the con densed collagenous fibers could be demonstrated (Fig. 14) . Furthermore, a single speci men caught in February had a tumorous growth in the thymic region ( Fig . 15 ).
Discussion
Generally speaking, the differentiation of cortical and medullary layers of the thy mus of bony fishes is not as distinct as in the higher vertebrates4). On the other hand, tow or three zones, such as cortex and medulla, or outer, middle and inner zones, were distinguished in the thymus of several fishes (e . g., VON HAGEN8), in Anguilla; HAFTER5), in Astyanax; RIZKALLA6), in Clarias). In Plecoglossus the outer zone is occupied by a considerable number of lymphocytes, while the inner zone, in addition to scattered lymphocytes, contains mucous , reticular, and scanty myoid cells. Nevertheless, it is difficult to distinguish the cortical layer from the medullary one.
It is of significance to mention the structure in fishes that is comparable to HASSALL'S corpuscles of higher vertebrates . These concentrically hyalinized bodies of epithelial cells have been considered peculiar to the thymus of homoiothermal animals, although the existence of essentially the same and the unicellular HASSALL bodies of anuran amphibians had been reported by KAPA9) and KAYA et al.10). In bony fishes, VON HAGEN8) and TOKUHISA11) described HASSALL'S corpuscles in European and Japanese eels, and structures relatively similar to HASSALL'S corpuscles were described in several species, such as Astyanax,5) Clarias6) and Leucopsarion.1) On the other hand, no such description was offered by ROBERTSON and WEXLER2) in the case of spawning Pacific salmon. His tologically, KAPA9) demonstrated much DNA in the central part of the corpuscles, and PAS-positive substance in a small number of cysts around the corpuscles of Rana spp. In Plecoglossus, several small masses consisting of concentric circles of reticular and collagenous fibers, which involved the mucous cells, reticular cells and lymphocytes, were found. These peculiar structures stained with acidic dyes and showed a positive PAS reaction. Whether or not these are homologous (or correspond) to HASSALL'S corpuscles is not definitely known.
With regard to age involution, HAFTER5) pointed out that in the thymus of Astyanax this begins about the time of sexual maturity with an increase in connective tissue ele ments and in size of cysts, and a decrease in the number of mitoses of lymphocytes. In contrast, the reduction of the thymus of Clarias does not coincide with sexual maturity, and in turn a complete absence of the thymus occurs in aged clariid catfish6). The same situation has already been reported in Salmo12), and Anguilla8). RASQUIN and ROSEN BLOOM13) reported that under conditions of complete darkness of more than one year, a remarkable increase in the number of atrophic nuclei of lymphocytes (thymic cells), and a severe involution to complete absence of the thymus occurred. They also pointed out that in the six-year old fish described by HAFTER5), the degree of involution was less than that in fish reared in the dark.
During the sexual maturity and senility of the migratory Pacific salmon, the thymic region was filled with monocytes and goblet cells, after a severe regression and diminu tion of thymic cells2), and in senile kokanee salmon that had been castrated when im mature, a complete absence of the thymus was encountered3). Nearly identical degenera tive changes have been seen in the spawning ice-goby1). The same condition has been detected in the present case of Plecoglossus reared under the artificially controlled light regimens. Due to sexual maturation caused by the activity of hypothalamo-hypophysial complex, a remarkable diminution of the thymus, including a rapid decrease of mitotic division and the number of lymphocytes, was brought about in addition to the hyper plasia of connective tissue elements around the walls of blood vessels. A close relation ship between the reticular fibers and blood vessels has already been described in the thymus of several species of freshwater fishes, in which free fibers were few14). In con trast to this, VON HAGEN8) reported that in the thymus of yellow eels, 15 to 20cm in length, an increase in the amount of adipose tissue was brought about by age involution.
With increasing age, the size of the cystic spaces in the Plecoglossus thymus increases markedly as a result of the collapse of aggregative mucous cells thus forming larger lacunae. At the time of spawning, however, these lacunae disappear as a result of com munication with the mucous cells of the epidermis that covers the thymic parenchyma.
Moreover, condensed connective tissue fibers were no longer recognized once they had assumed an amorphous structure.
As mentioned previously, in the spawning, nonmigratory Japanese char, a consider ably less pronounced diminution of the thymus was detected-even in the postspawning adult fish1). Nevertheless, a complete absence of the thymus was seen in the Otunen-Ayu that survived and tided over the winter after their spawning season. It is not known whether these Otunen-Ayu can spawn again and survive, and much more information will be needed to determine the relationship between the age-involution of the thymus and the postspawning death of the fish.
Age involution and associated changes in the thymus of Plecoglossus take place in parallel with those of the sexual maturation in fish exposed to artificial photoperiodism7), i. e., one month earlier in the short photoperiodic regimen, and one to two months later in the long photoperiodic regimen. It is difficult to decide what is the most critical factor in the death that accompanies the senility, as well as the first-spawning death after sexual maturation, of this annual fish. The exhaustion and severe derangement of the endo crine organs, the considerable regression in the hemopoietic and digestive organs, and the concurrent changes in connective tissue elements and the vascular system are all involved in these aging and maturing involutions. In any case, the great loss of im munity that may follow thymic degeneration could be one of the important causal factors in the death of the species, both annual and migratory-spawning individuals. 
